Inter-individual differences in the phase of the endogenous circadian rhythms have been established. Individuals with early circadian phase are called morning types; those with late circadian phase are evening types. The Horne and Östberg Morningness-Eveningness Questionnaire (MEQ) is the most frequently used to assess individual chronotype. The distribution of MEQ scores is likely to be biased by several fact, ors, such as gender, age, genetic background, latitude, and social habits. The objective of the present study was to determine the effect of different social synchronizers on the sleep/wake cycle of persons with different chronotypes. Volunteers were selected from a total of 1232 UFPR undergraduate students who completed the MEQ. Thirty-two subjects completed the study, including 8 morning types, 8 evening types and 16 intermediate types. Sleep schedules were recorded by actigraphy for 1 week on two occasions: during the school term and during vacation. Sleep onset and offset times, sleep duration, and mid-sleep time for each chronotype group were compared by the Mann-Whitney U-test separately for school term and vacation. School term and vacation data were compared by the Wilcoxon matched-pair test. Morning types showed earlier sleep times and longer sleep duration compared with evening types (23:00 ± 44 and 508.9 ± 50.27 vs 01:08 ± 61.95 and 456.44 ± 59.08, for the weekdays during vacation). During vacation, the subjects showed later sleep times, except for the morning types, who did not exhibit differences for sleep onset times. The results support the idea that social schedules have an impact on the expression of circadian rhythmicity but this impact depends on the individual chronotype.
Introduction
The human circadian timing system generates multiple circadian rhythms. One of the characteristics of a rhythm is the phase. The circadian phase can be defined as the time at which the circadian rhythm of a variable reaches a particular state (1) . Substantial inter-individual differences in the circadian phase of several variables have been observed (2) (3) (4) (5) (6) (7) . Individuals with a relatively early circadian phase are morning types and those with a relatively late circadian phase are evening types. Morning and evening individuals differ in the phase of their endogenous circadian rhythms (1) . The physiological markers of endogenous circadian rhythmicity are earlier in morning-type individuals than in evening types (4, 5, 8, 9 ). An individual's chronotype is usually evaluated by a questionnaire. The most widely used questionnaire is the Morningness-Eveningness Questionnaire (MEQ) of Horne and Östberg (10) , although recently Roenneberg et al. (11) have proposed a new one, the Munich Chronotype Questionnaire (MCTQ). The MEQ scores are likely to be biased by several factors, such as age, latitude and social habits (12, 13) . Moreover, several studies have also demonstrated that polymorphisms in clock genes might influence morningness-eveningness preference (14) (15) (16) (17) .
Studies have shown an association between sub-www.bjournal.com.br jects' season of birth and chronotype. Adan and Natale (18) reported that subjects born between April and September, containing summer, were significantly less likely to be morning types than subjects born between October and March, containing winter. This observation is consistent with the studies of Mongrain et al. (7) . These investigators suggested that the association between season of birth and chronotype reflects the influence of the intensity of light and/or the variation in the photoperiod length during the gestational or perinatal period on the characteristics of the circadian system. Morning types have earlier sleep schedules, wake up at an early hour and go to bed earlier compared with evening types (7, 11) . Evening types are usually associated with a later bedtime and waking-up time, especially on weekends. Consequently, they have more irregular sleep/ wake habits. These subjects build up a sleep debt on workdays and extend their duration of sleep during the weekend (11, 19) . Sleep debt is generated by the largest differences in sleep timing between work and free days. This disparity between social and biological time has been described as "social jetlag" (20) . Apparently, evening-type individuals exhibit greater social jetlag than morning-type individuals. One alternative for analyzing the effect of social zeitgebers upon sleep/wake patterns is to compare the magnitude of the differences observed when subjects are affected by stronger or weaker social obligations.
Studies that describe the influence of chronotype upon sleep/wake patterns are often carried out with subjects under the influence of strong social zeitgebers, such as school and work schedules. Weekends are considered free days, which are compared with weekdays in order to estimate sleep-time discrepancies (19) . However, it is well known that weekend sleep patterns usually involve a sleep rebound (11, (19) (20) (21) (22) . As far as we know, studies considering vacation as free days instead of weekends, in order to reduce sleep rebound effects, have not been published. Comparisons between two situations, school term and vacation, would allow a better understanding of chronotype differences and the ability of circadian system to adjust to situations with distinct social constraints.
The aim of this study was to analyze the effect of changes in social synchronizers on the sleep/wake cycle of individuals with different chronotypes.
Material and Methods

Subjects
This study was approved by the Research and Ethics Committee of the Biological Sciences Institute of the Federal University of Paraná (UFPR). Subjects were selected by convenience sampling. The volunteers were UFPR undergraduate students and they signed an informed consent form before participating in the study. Volunteers lived in their own housing and were synchronized to have activities during the day and nocturnal rest, attending classes in the morning (8:00-12:00 am) and, eventually, in the afternoon (2:00-6:00 pm) from Monday through Friday during the school term. During vacation periods, they did not attend classes.
The volunteers answered a Portuguese version of the Horne-Östberg questionnaire (13) for determination of diurnal preference.
Volunteers were selected from a database of 1232 subjects, 499 men and 733 women, mean age 20.5 years, who answered the MEQ. A total of 32 subjects completed the study, including 8 morning types (7 women and 1 man), 8 evening types (6 women and 2 men) and 16 intermediate types (12 women and 4 men). The mean age was 19.62 ± 1.85 years. None of the volunteers had a diagnosed sleep disturbance. No subject underwent medical treatment immediately before or during this study.
The volunteers completed a sleep log and wore an activity monitor (Mini-Motionlogger, Zero crossing mode, Ambulatory Monitoring Inc., USA) on their non-dominant wrist for 7 consecutive days (5 weekdays and 2 weekend days) during the school term and another 7 consecutive days during vacation to record activity levels at 1-min intervals. The actigraph data were analyzed by the Action-W software program for measures of sleep onset time, sleep offset time, and the duration of nocturnal sleep. The bedtime and wake-up time noted in the subject's sleep log were used to guide analysis of the actigraph data recordings (23) .
The following dependent variables were obtained for each individual: sleep onset time, sleep offset time, midsleep time and night-sleep duration. Three means were obtained for each dependent variable: entire week, weekdays and weekends. The independent variables were the chronotype and the two situations related to social synchronizers: school term and vacation. The dependent variables for each chronotype group were compared by means of the Mann-Whitney U-test, applied separately for school term and vacation. The school term and vacation data were compared for each chronotype using the Wilcoxon matched-pair test. P < 0.05 was considered to be significant.
Results
Entire week (7 days)
The sleep variables for each chronotype and social schedules for the entire week are plotted in Figure 1A .
There were differences between the chronotypes, both during the school term and during vacation (Mann-Whitney U-test). Morning types had statistically significant (P < 0.05) earlier sleep, wake-up times and mid-sleep times than intermediate types for the school term and for vacation and also compared with evening types (P < 0.05). Intermediate types had significantly (P < 0.05) earlier sleep, wake-up times and mid-sleep times than evening types for the school term and for vacation. The sleep duration of the morning group was statistically (P < 0.05) longer than the intermediate and evening types for the school term and for vacation.
Sleep onset for evening types and intermediate types was significantly later during vacation than during the school term (P < 0.05). This delay was not observed in morning-type individuals. Morning, evening and intermediate types woke up significantly later (P < 0.05) during vacation and their mid-sleep times were also later (P < 0.05) during vacation than during the school term. There was also a significant increase in night-sleep duration during vacation (P < 0.05; Table 1 ).
Weekdays (5 days)
The sleep variables for each chronotype and social schedule for the weekdays are plotted in Figure 1B . The Mann-Whitney U-test detected significant (P < 0.05) differences between morning and evening types for the school term and for vacation and between morning and intermediate types for the school term and for vacation for all dependent variables, with the exception of offset time during the school term. When evening and intermediate types were compared during vacation, only sleep onset time was significantly different. As previously observed for the entire week, the morning-type group slept more than the evening and intermediate types, both during the school term and during vacation (P < 0.05).
During weekdays, sleep onset time was significantly (P < 0.05) later in evening and intermediate types during vacation compared to during the school term. This was not observed in morning-type individuals. As observed in the entire week analysis, morning, evening and intermediate individuals had significantly later wake-up and mid-sleep times during vacation than during the school term and had a significant increase in their night-sleep duration during vacation (P < 0.05; Table 1 ).
Weekends (2 days)
The sleep variables for each chronotype and social schedules for the weekends are plotted in Figure 1C . The Mann-Whitney U-test detected differences between all chronotype groups for onset, offset and mid-sleep times 
Discussion
This study analyzed the sleep/wake cycle of individuals affected by different social synchronizers. It is well known that social obligations and proximate social cues directly influence sleep and wake times (20) . It is not possible to determine whether social stimuli affect circadian timing independent of their role in regulating light exposure (24) . This is the first study showing objective sleep/wake data in a situation with weak social constraints and in the absence of sleep rebound effects, which were observed on weekends. Our results suggest that under these conditions, individual differences in sleep needs and sleep timing can be better depicted.
The results of this study showed that, as expected, when exposed to stronger or weaker social obligations, morning-type individuals had earlier sleep onset and offset times and evening types had significantly later sleep onset and offset times, as described elsewhere (6, 10, 11, 19, 21, 22, (24) (25) (26) (27) (28) .
We observed several differences in sleep patterns during the school term and during vacation. All chrono-type groups had delayed sleep offset and mid-sleep times and an increase in sleep duration during vacation. Evening-type individuals exhibit a greater misalignment between their sleep preferences and social schedules and could eventually suffer "social jetlag" (20) . These differences between the school term and vacation suggest that their adjustment to social schedules requires a greater phase advance of the sleep/wake cycle, which would occur only partially, with consequent partial sleep deprivation.
Interestingly, the morning group slept longer than evening-type individuals, both during the school term and the vacation period. This result was not observed in previous studies. On the contrary, previous studies (19, 29, 30) found that evening types slept longer than morning types, in accordance with studies that showed a faster decrease of slow-wave sleep in morning-type individuals (31) . It is well known that evening-type individuals build up a sleep debt during the week and extend their duration of sleep during the weekend (19) . This sleep debt could be the reason for the association between evening types and a greater need for sleep. According to this view, one possible interpretation of our data is that, during vacation, when sleep duration supposedly meets sleep needs, evening types appear to continue to be affected by social constraints. One alternative view, which is not supported by previous studies (6) , is that morning types have greater sleep needs compared with evening types.
Unfortunately, our society largely ignores these important differences in circadian phase between individuals (32). Detailed knowledge of how the interaction between the circadian system and social zeitgebers shape chronotype is extremely relevant for determining school times and shift workers' schedules (33) .
